Summary. Anthropometric and sociodemographic variables were taken from 4320 children in a baseline survey carried out in March-April 1988 in the district of Mbarara, south-west Uganda. After 12 months a follow-up survey assessed the mortality of the children during the preceding year. Lack of ownership of cattle, recent arrival in the village, using candles for lighting, being of birth order higher than 5 and having a father with less than 8 years of schooling were significantly associated with child mortality. The addition of mid-upper arm circumference significantly improved the logistic model of socioeconomic variables and mortality and did not diminish the predictive power of socioeconomic variables in relation to increased mortality. This suggests that nutritional status and specific socioeconomic factors are both, independently, important predictors of child mortality.
Introduction
In less developed countries, 15-20% of children die before reaching their 5th birthday, compared to 1-2% in developed countries (Grant, 1990) . Child mortality is of great importance to parents, policy makers, health professionals and scientists. Charlton & Ramon (1986) , analysing the trends of mortality due to specific diseases in six developed countries (France, Italy, Sweden, UK, USA and Japan) between 1950 and 1980, suggested that mortality from causes amenable to medical intervention declined faster than mortality due to causes not amenable to medical intervention. They proposed that the decline was probably related to an expansion of medical services. Such a decline could have been caused by the expansion of health care facilities, but it could also have been due to socioeconomic development which was not analysed. Some authors (McKeown, 1980; Illich, 1975) affirm that the decline in mortality during the last three centuries in developed countries was due to major socioeconomic changes which brought improvements in nutrition and hygiene associated with increased availability of fertility control, while medical technology has made a much smaller contribution to the reduction of mortality. They affirm that the determinants of health are largely outside the medical care system and claim that mortality from most common infectious diseases, such as tuberculosis, pneumonia and measles declined well before immunisation and chemotherapy became available. Notwithstanding the crucial importance of socioeconomic changes, since World War II there has been an unprecedented decline in mortality in less developed countries. This has been attributed to modern medical technology rather than to socioeconomic changes (Davis, 1956; Stolnitz, 1985) . However, Gwatkin (1980) suggested that the rate of decline in mortality rates has slowed down through the mid-1970s prompting a more critical consideration of the role of medical technology in reducing mortality. Yerushalmy (1938) observed a higher neonatal death rate in New York State for first births, for young ages of the mother, with a decline until the age of 28 followed by an increase among infants born to middle-aged women. He concluded that young age of the mother and first parity had an independent relationship with high neonatal mortality. Heady, Daly & Morris (1955) showed an increased neonatal death rate with increasing parity. Postneonatal mortality rates increased with birth order and young age of the mother, reflecting the negative effects of short birth intervals. The relationship between infant mortality, birth order and maternal age was constant in each social class. Osborn (1972) found that birth spacing played a significant role in child survival even after controlling for age, parity of the mother and social class. High parity affects child survival, not only because of short birth intervals but also because a large number of children carries a higher risk for spreading infections and many children compete for mother's time, care and family resources. Cantrelle & Leridon (1971) found in Senegal that early cessation of breast-feeding at an early stage of pregnancy probably explained why short birth intervals were linked to increased child mortality. This finding was also confirmed by Sweemer in India (1984) and by Cleland & Sathar (1984) in Pakistan. Several authors (Wolfers & Scrimshaw, 1975; Thapa & Retherford, 1982) have shown that the highest mortality rates occur with the shortest birth intervals. Puffer & Serrano (1973) , analysing data from 35,095 deaths in fifteen countries in the American continent, found that mortality was higher when maternal age was below 20 or over 35 and it also increased with birth order. Horwitz (1960) , used data from eight American countries and found four socioeconomic indicators related to high mortality: low availability of animal protein in the diet, inadequate provision of safe water supply, low income per head and high illiteracy rates. Puffer & Serrano (1973) found that where young child mortality is high, infectious diseases account for two-thirds of the total mortality while in areas where child mortality is low, infectious diseases are less important. The most common infectious diseases causing mortality were diarrhoea and measles. Protein energy malnutrition was found in 59-3% of all deaths from measles. Rather surprisingly, acute respiratory infections were not a particularly common cause of death. Kitagawa & Hauser (1968) found education to be an indirect measure of socioeconomic status. Hobcraft, McDonald & Rutstein (1984) , analysing data from the World Fertility Survey, found a correlation between parents' education, father's occupation, place of residence and child mortality. Caldwell (1979) found in Nigeria that mother's education remained positively associated with child survival even after controlling for socioeconomic indicators, suggesting for the first time its direct relationship to child health, and not functioning as a mere proxy for socioeconomic status. Mother's education was suggested to act through a lowering of fatalistic attitudes, and belief in the power to change the situation concerning child health, acceptance of new ideas, a higher confidence in dealing with health professionals, more direct responsibility in child-rearing practices and more health knowledge. Kune (1980) also found in Kenya that children of mothers with the highest education had a lower risk of death. A precise answer to the question of how far the strong relationship between education and mortality reflects better socioeconomic conditions, as opposed to the other variables outlined here, is not easy. However in the majority of studies (Teckce & Shorter, 1984; Pebley & Stupp, 1987; Haines & Avery, 1982; Merrick, 1985; Frenzen & Hogan, 1982; DaVanzo, Butz & Habicht, 1983) which analysed the relationship between education and mortality after controlling for economic factors, the effect of education remained significant.
Despite the high rates of infant and child mortality in Africa there have been few studies of risk factors for mortality. A range of socioeconomic factors were therefore examined during a prospective study which started with a baseline survey in a primary health care programme.
Method
Between April and May 1988,4320 children 0-59 months old from 31 villages in the District of Mbarara, south-west Uganda, were selected as part of a baseline survey of a primary health care project. The children were measured for weight (to the nearest 100 g) height, length and mid-upper arm circumference (to the nearest mm). Information on various socioeconomic variables concerning the household and causes of mortality was collected by specially trained interviewers. Twelve months after the measurements the families were re-visited to ascertain if the children were still alive. Logistic regression was used (through the statistical package EGRET, 1985) to estimate coefficients and odds ratios associated with different independent variables. First, a univariate analysis was carried out to select those variables which showed some initial association with mortality. A variable was considered significantly associated with mortality when its p value was below 0-10. This, relatively low significance level was chosen instead of the usual 0-05 in order not to miss any possible variables associated with mortality. These variables were then analysed in a multivariate logistic model. Finally, mid-upper arm circumference was added to the model in order to see how much this nutritional indicator influenced other socioeconomic variables in relation to child mortality.
Results
The most common causes of death are shown in Table 1 . The final diagnosis was provided after interviews with parents and, where possible, local health workers.
Those variables collected in the baseline survey which were thought to be possibly related to mortality, were analysed one by one using logistic regression. The results of three groups of variables (child, household and parental education) are shown in use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1017/S0021932000006842 Total deaths = 104.
Tables 2-4. If fluids were usually withdrawn during episodes of diarrhoea, the child had an odds ratio (OR) of dying of 3-3. If the family did not own a cow the OR was 3.2. The occupation of the father was not associated with mortality. If the family had recently arrived in the village (less than 3 years) there was a significantly increased OR for child mortality of 1-8 compared with those families who were resident for more than 10 years. Although education of the mother below secondary school (i.e. less than 7 years of school) was associated with an OR of 3-8, the p value of the coefficient was not significant. Father's education was, however, significantly associated with lower mortality. Increasing age and the absence of breast-feeding, together, were associated with higher mortality. The birth order most favourable to survival was 3-5, the least favourable was above 5 (OR 1-7). Education of the father below 7 years of schooling was associated with an OR of 3-3. If the family used candles for lighting rather than kerosene lamps or other more expensive forms of lighting, there was an OR of 1-8. Other variables which could have influenced mortality such as presence of a latrine, breast-feeding, distance from the nearest health unit, being weighed in the previous 3 months, acreage cultivated, hiring labour, maternal marital status, presence of a growth chart, type of water supply used, crowding, sex, radio ownership, ethnicity, religion and withdrawing food during diarrhoea were not significantly associated with mortality.
The variables which significantly influenced child survival, namely possession of a cow, length of stay in the village, birth order, father's education, withdrawing fluids during diarrhoea and candles used for lighting, were put together in a logistic model (Table 5 ). All of them remained significantly associated with child mortality, with the exception of withdrawing fluids during diarrhoea which was no longer statistically significant, suggesting that this variable was confounded by other variables.
All these variables are related to poor socioeconomic conditions which include low purchasing power, poor sanitation, low availability of health services, malnutrition, infection and the final outcome of child mortality.
When mid-upper arm circumference was added to the model, the coefficient of these socioeconomic variables remained significant. These findings indicate that nutritional status and socioeconomic factors are both independently important predictors of child mortality. Table 2 Coefficient 
Discussion
The most important causes of death (Table 1) were, in order of frequency, diarrhoea, acute respiratory infections, measles and malaria. Chen, Mizamur & Sarder (1980) found in Bangladesh that one-third of deaths of children under 5 were due to tetanus, pertussis, measles and acute respiratory infections. Handanjani, Hull & Rohde (1983) found the same results in Java.
It was estimated by WHO that diarrhoea causes 5 million deaths among children under 5 every year (Snyder & Merson, 1982) . Low income, poor housing conditions, limited parental education, microbial contamination of weaning foods, use of unprotected water and personal hygiene are all important variables influencing mortality from diarrhoea.
Father's education was important, but mother's education did not appear to have any significant effect. This is somewhat different from other studies where mother's education was associated with lower mortality (Ware, 1984) ; Martin et al. (1983) reported that father's education was more important than mother's education in reducing child mortality.
In this study, education beyond primary school had a protective effect against mortality. The results could be due to the fact that primary education is extremely basic in this District and there was not a large enough range to determine the true role of mother's education as a risk factor. In fact, only 4% of the women had secondary education, too small a proportion to produce significant results. The finding that the effect of education is pronounced beyond 7 years of schooling is similar to other studies (Bailey, 1988) . A study in Ghana showed no relation between mother's education and mortality (Tawrah, 1989) . In Nigeria (Oni, 1988 ), mother's education was significantly associated with child survival in the bivariate analysis, but this relationship disappeared in the multivariate analysis when adjustment was made for the other variables. Father's education in the present study had an important influence on child survival after adjustment was made for other variables. It is possible that fathers with a high level of education had greater purchasing power and were thus able to provide their families with better living conditions. They could have had a less fatalistic approach to diseases, been better informed as to how to use health facilities and could have shared family resources more equally, especially in favour of the children. A more educated father could have recognised the severity of diarrhoea and taken proper action before dehydration occurred. Education of the father could have had an influence by encouraging and facilitating the attendance of mothers at antenatal clinics and delivery in a health unit. Educated husbands could encourage and help their wives to obtain tetanus immunisation which could prevent many infant deaths. An educated father could also positively influence weaning practices, thus limiting the prevalence of diarrhoea. Another effect of education could be through changing beliefs and health care related practices. Even if contraceptive supplies were available, an uneducated husband might remain unconvinced, especially in a male dominated society. Education may inculcate a greater sense of personal responsibility for the welfare of children, replacing the more fatalistic approach of the uneducated father.
Poverty the family did not own a cow or who were resident in the village for less than 3 years, were significantly associated with child mortality. Being of birth order higher than 5 or having a divorced mother also contributed significantly to child mortality. Relatively recent arrival in the village had a negative influence on child survival. Many families have been displaced in Uganda as a result of repeated civil disturbances and children in such families are more likely to die than those in more stable families. The most favourable birth order for child survival was between 3 and 5. This might be dependent on the age of the mother (child survival is often best if mothers are aged 20-35 years) (Trussell & Hammerslough, 1983) but it could also be related to the total number of children a woman bears in a lifetime, and to child spacing (Mosley, 1984) . The study did not include the age of the mother among its data and so it was not possible to control for this variable.
In conclusion, the results demonstrated the relative importance of some key variables as determinants of child mortality in Mbarara. The extent to which these variables are significant, independent predictors of child mortality was assessed through logistic regression. Whereas improvement of family income and the household environment, together with the develpment of primary health care, are likely to produce improvements in infant and child mortality rate, such integrated changes are unlikely to be easy in the harsh economic situation that Uganda has been in. However the results of this study emphasise that differences in parental education, birth spacing and child nutrition can explain differences in mortality rates between households of relatively similar socioeconomic status. Attention to these factors should be particularly profitable in improving child survival.
